The experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh, Bangladesh to investigate the effect of age of tiller seedlings, number of tiller seedlings hill -1 and application of urea super granules (USG) on some physiological attributes of transplant Aman rice cv. BRRI dhan52. The experiment consisted of two ages of tiller seedlings viz. 25-and 35-day old, three levels of tiller seedlings hill -1 viz.1, 3 and 5 seedlings hill -1 and three USG levels viz. 0, 1.8g and 2.7g USG per four hills in every alternate row. The experiment was laid out in a randomized complete block design with three replications. The effect of age of tiller seedlings, number of tiller seedlings hill -1 and USG application were significant on crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) and leaf area index (LAI). The highest CGR and RGR were found by transplanting 35-day old tiller seedlings during the period at 15-30 and 60-75 DAT when 5 tiller seedlings hill -1 were transplanted. The highest NAR was observed at 60-75 DAT with transplanting 5 tiller seedlings hill -1 and the lowest one was recorded at 30-45 DAT. The highest LAI was found at 35-day old tiller seedlings during the period at 60 and 75 DAT when 5 tiller seedlings hill -1 were transplanted. CGR and RGR were found highest by applying 1.8 g USG at 45-60 and 60-75 DAT while NAR was the highest with application of 2.7g USG at 60-75 DAT and lowest one was found in control (0 g USG) at 45-60 and 60-75 DAT. The highest LAI was found by applying 1.8g USG at 15, 30, 45 and 60 DAT and the lowest one was found at 60 DAT in control and at 15, 30 and 45 DAT when 2.7g USG was applied. The highest LAI and CGR were found in older tiller seedlings (35-day old) by transplanting five tiller seedlings hill -1 fertilized with 1.8g USG whereas the highest RGR and NAR were obtained in younger tiller seedlings (25-day old) by transplanting single tiller seedling hill -1 fertilized with 1.8g USG per four hills of every alternate row.
INTRODUCTION
Crop damage due to early or late flood is a very common feature in Bangladesh. It affects transplant Aman rice during July to December in Kharif season. Farmers cannot re-transplant the affected land due to unavailability of seedlings in flood affected areas. Thus scarcity of seedlings is a great problem in this situation. Re-transplantation of separated tiller from an unaffected Aman crop and subsequent management practices could be a remedy to overcome this loss of transplant Aman rice. Rice has unique ability to tiller profusely as each leaf axils has the potential to produce a tiller (Langer, 1979) . In rice, many of the late tillers do not produce grain due to higher population (Nishikawa and Hanada, 1951 and Hanada, 1979) . Removal of excessive tillers from the mother hill at early stage could help better development for remaining tillers. This technique of transplanting of separated tillers may be a promising alternative for growing post-flood transplant Aman rice Siddique et al., 1991) . Among the growth parameters leaf area index (LAI) is a dimensionless variable and was first defined as the total one-sided area of photosynthetic tissue per unit ground surface area (Inge et al., 2004) . LAI is the component of crop that accounts for the ability of the crop to capture light energy and is critical to understand the function of many crop management practices. Leaf area index can have importance in many areas of agronomy and crop production through its influence: light interception, crop growth, weed control, crop-weed competition, crop water use and soil erosion (Welles, 1990; Sonnetag et al., 2007) . NAR measures the mean photosynthetic efficiency of leaves in a crop community. The integration of weight and leaf area measurement over time provides value that is highly useful for studying the growth of crops (Shipley, 2006) . Patterson (1982) stated that relative growth rate (RGR), net assimilation rate (NAR) and leaf area ratio (LAR) are good measures of solar reduction capture during growth with NAR and LAR for an individual plant and LAI for population helping to explain differences in RGR. Samba et al. (2003) found that interception of PAR (photosynthetically active radiation) is closely followed by LAI. Reduced NAR interception causes reduction of the RGR, NAR and LAR. Mansab et al. (2003) reported that for maximum crop growth, enough leaves must be present in the canopy to intercept most of the incident NAR. Therefore, growth is often expressed on a leaf-area basis. According to Tsuni and Fujise (1965) , there is a linear relationship between leaf-area and net assimilation. The present study was undertaken to analyse different growth parameters viz. crop growth rate (CGR), relative growth rate (RGR), net assimilation rate (NAR) and leaf area index (LAI) when separated tillers were used as planting materials as an alternative of nursery seedling of transplant Aman rice.
MATERIALS AND METHODS
A field experiment was conducted at the Agronomy Field Laboratory, Bangladesh Agricultural University, Mymensingh, Bangladesh. The land was medium high with sandy loam texture having pH 6.4. BRRI dhan52, a high yielding modern rice variety of transplant Aman rice, developed by the Bangladesh Rice Research Institute, was used as the test crop. The experiment comprised two ages of tiller seedlings viz. 25 and 35-day old (tillers were separated manually from previously grown mother crop at 25 and 35 days after transplanting), three levels of tiller seedling hill -1 viz.1, 3 and 5 seedlings hill -1 and three USG levels viz. 0, 1.8g and 2.7g USG per four hills in every alternate row. There were 18 treatments combinations. The experiment was laid out in a randomized complete block design with three replications. Each block was divided into 18 unit plots where 18 treatment combinations were allocated at random. There were 54 unit plots in the experiment. The size of unit plot was 4.0m × 2.5m. The experimental plots were fertilized with triple super phosphate, muriate of potash, gypsum and zinc sulphate @ 100, 70, 60, 10 kg ha -1 . The entire amounts of triple super phosphate, muriate of potash, gypsum and zinc sulphate were applied at final land preparation. Nitrogen was applied according to experimental specification in the form of Urea Super Granules (USG) per four hills in every alternate row at 10 days after transplanting. Physiological attributes such as LAI, CGR, RGR and NAR were calculated by following standard formulae (Radford, 1967 and Hunt, 1978) as shown below:
Leaf area index (LAI): The leaf area was measured by an automatic leaf area meter (Type AAN-7, Hayashi Dam Ko Co., Japan). LAI was calculated as the ratio of total leaf area and total ground area of the sample as described by Hunt (1978) . The formula was also expressed by Yoshida (1981) . 
RESULTS AND DISCUSSION

Leaf area index (LAI)
Leaf area index was significantly affected by age of tiller seedlings, number of tiller seedlings hill -1 and application of USG. At 60 and 75 DAT the highest LAI was obtained by transplanting 35-day old tiller seedlings at all dates of observations. LAI was increased with increasing the age of tiller seedlings (Table 1 ). The highest LAI was obtained at 45 DAT when 5 tiller seedlings hill -1 were transplanted and the lowest LAI was found during the period 30 DAT when 1 tiller seedling hill -1 was transplanted (Table 1) . LAI was significantly affected by USG application during the period of 15, 30, 45 and 60 DAT. The highest LAI was found at 60 DAT when 1.8g USG was applied and the lowest LAI was found at 15 DAT when 2.7g USG was applied (Table 1) . Increased plant density significantly increased crop growth rate (CGR) during early stage and reduced the net assimilation rate (NAR) and CGR during later part of crop growth. Higher CGR at vegetative stage originated from which high leaf area index (LAI) and that CGR at reproductive and ripening stages was controlled by NAR (Sarkar et al., 2002) . Leaf area index was significantly influenced by the interaction between age of tiller seedlings, number of tiller seedlings hill -1 and USG application within the period of 30 and 45 DAT among the dates of sampling (Table 2) . At 30 DAT the highest LAI was found in 35-day old tiller seedling by transplanting 3 tiller seedlings hill -1 fertilized with 1.8g USG and the lowest LAI was found in 25-day old tiller seedlings by transplanting 1 tiller seedling hill -1 with the application of 1.8g USG. At 45 DAT the highest LAI was found in 35-day old tiller seedling by transplanting 5 tiller seedlings hill -1 fertilized with 1.8g USG and the lowest LAI was found in 35-day old tiller seedlings by transplanting 1 tiller seedling hill -1 fertilized with 2.7g USG (Table 2) . (Wilson and Ellis, 1981 and Tanaka, 1983) . Similar research findings was also reported by Hossain et al. (2011) (Table 3 ). Crop growth rate was significantly affected by the number of tiller seedlings hill -1 within the period of 60-70 DAT. The highest CGR was found when 5 tiller seedlings hill -1 followed by 3 tiller seedlings hill -1 . The lowest CGR was found when 1 tiller seedling hill -1 was transplanted. CGR increased with increasing number of tiller seedlings hill -1 (Table 3) . Crop growth rate was significantly affected by USG application during the period of 45-60 and 60-75 DAT. Comparatively high CGR was found during the period of 45-60 and 60-75 DAT when 1.8 g USG was applied while CGR was higher during the period of 60-75 DAT when 2.7g USG was applied. The lowest CGR was found during the period of 60-75 DAT when 0g USG was not applied while CGR was lower during the period of 45-60 DAT when 0 g USG was applied. The CGR attained peak within the period of 60-75 DAT when 1.8g USG was applied (Table 3) . CGR changed with growth (Tanaka, 1983) and reached maximum at panicle emergence (Wilson and Ellis, 1981) . CGR increased with increasing the number of tiller seedlings hill -1 . Crop growth rate was significantly influenced by the interaction among age of tiller seedlings, number of tiller seedlings hill -1 and USG application within the period of 15-30, 45-60 and 60-75 DAT. Within the period 15-30 DAT the highest CGR was found in 35-day old tiller seedling by transplanting 5 tiller seedlings hill -1 with the application of USG 1.8 g and the lowest CGR was found in 25-day old tiller seedlings by transplanting 5 tiller seedlings hill -1 fertilized with 1.8g USG. Within the period of 45-60 DAT the highest CGR was found in 35-day old tiller seedlings by transplanting 3 tiller seedlings hill -1 fertilized with 1.8g USG and the lowest CGR was found in 25-day old tiller seedlings by transplanting 1 tiller seedling hill -1 fertilized with USG. Within the period 60-75 DAT, the highest CGR was found in 25-day old tiller seedlings by transplanting 3 tiller seedlings hill -1 fertilized with 2.7g and the lowest CGR was found in 25-day old tiller seedlings by transplanting 1 tiller seedling hill -1 without application of USG (Table 4) .
Relative growth rate (RGR)
Relative growth rate was significantly affected by age of tiller seedlings during the period of 30-45 and 60-75 DAT. Comparatively higher RGR was observed by transplanting 35-days old tiller seedlings during the period of 30-45 and 60-75 DAT. The lowest RGR was observed during the period of 30-45 DAT by transplanting 25-day old tiller seedlings (Table  3) . Relative growth rate was significantly affected by number of tiller seedlings hill -1 during the period of 60-75 DAT. The highest RGR was found within the period of 60-75 DAT when 5 tiller seedlings hill -1 were transplanted and the lowest RGR was found within the period of 30-45 DAT when 1 tiller seedling was transplanted hill -1 (Table 3) . Relative growth rate was significantly affected by USG application during the period of 45-60 and 60-75 DAT. Comparatively higher RGR was found during the period of 45-60 DAT when 1.8g USG was applied while RGR was higher during the period of 45-60 DAT when 2.7g USG was applied. The lowest RGR was found during the period of 60-75 DAT while USG was not applied. The RGR attained peak within the period of 45-60 DAT when 1.8g USG was applied. ElZahab et al. (1980) stated that RGR increased steadily during early growth stages and then decreased slowly. Haloi and Baldev (1986) observed higher RGR at initial stage of crop growth. Karim and Siddique (1991) stated that higher RGR was obtained at vegetative phase. RGR increased with increasing the number of tiller seedlings hill -1 (Table 3) . Relative growth rate was significantly influenced by the interaction between age of tiller seedlings, number of tiller seedlings hill -1 and USG application within the period of 45-60 DAT. Within the period of 45-60 DAT the highest RGR was found in 25-day old tiller seedlings by transplanting 1 tiller seedling hill -1 and fertilized with 1.8g USG and the lowest RGR was found in 25-day old tiller seedling by transplanting 5 tiller seedlings hill -1 with the application of 1.8g USG (Table 4) . 
Net assimilation rate (NAR)
Net assimilation rate was not significantly affected by age of tiller seedlings during the period of 15-30, 30-45, 45-60 and 60-75 DAT (Table 5) . NAR was significantly affected by number of tiller seedlings hill -1 during the period of 15-30 and 45-60 DAT. The highest NAR was observed within the period of 60-75 DAT when 5 tiller seedlings hill -1 and the lowest NAR was found within the period 30-45 DAT when 5 tiller seedlings were transplanted hill -1 (Table 5) . NAR is the most important index of mean photosynthetic efficiency of a plant under a particular environment (Haloi and Baldev, 1986) . Haloi and Baldev (1986) reported that NAR higher values at initial stage of crop growth but late sowing markedly enhanced NAR during reproductive phase. NAR is the most important index of mean photosynthetic efficiency of plant under particular environment; its value is higher at initial stage of crop growth. NAR decreased progressively as the number of tiller seedlings hill -1 increased 
